DCS-9082 

METHOD AND COMPOSITION USEFUL FOR DETERMINING FK 506 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an assay procedure and l<it for use in 
determining tlie levels of FK 506 or other macrophilin binding substances in 
blood, particularly un-extracted blood in the presence of specific binding proteins 
for FK 506. The method uses derivatives of FK 506 to displace the FK 506 from 
specific binding proteins for FK 506. The invention also relates to novel 
compounds that are useful for displacing FK 506 from its specific binding protein. 

[0002] FK 506 (or tacrolimus) is a cyclic, poly-N-methylated undecapeptide, 
possessing immunosuppressive activity. FK 506 is a macrolide 
immunosuppressant that is produced by Streptomvces tsukubaensis No 9993. 
The structure of FK 506 is shown in Figure 1 . 
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Figure 1 
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[0003] Also a large number of related compounds which retain the basic 
structure and immunological properties of FK 506 are also known. These 
compounds are described in a number of publications, for example EP 184162, 
EP 315973, EP 323042, EP 423714, EP 427680, EP 465426. EP 474126, WO 
91/13889, WO 91/19495. EP 484936. EP 532088, WO 93/5059 and the like. 

[0004] FK 506 compounds are used, for example, in the prevention of 
transplant rejection. However these FK 506 compounds have side effects at 
higher doses and therefore their concentration in the blood must be kept within 
certain therapeutic ranges. Further, bioavailabilities and metabolic conversion 
rates tend to be patient specific and hence dosing is patient specific. The potency 
and the spectrum of toxicity of FK 506 require sensitive, reproducible and reliable 
methods for monitoring the blood concentration of these compounds. It is 
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therefore necessary to monitor the concentration of these immunosuppressant 
drugs in the blood at regular intervals. Rapamycin and cyclosporin are other 
compounds used in the prevention of transplant rejection. These drugs may be 
used singly or in combination. 

[0005] It has been found that a portion of the FK 506 compound present in 
blood exists in the form of a FK 506 immunophilin complex. Immunophilins are a 
family of intracellular binding proteins that bind cyclosporins, rapamycins or FK 
506 compounds. Two distinct families of immunophilins are presently known; 
cyclophilins which bind to cyclosporins and macrophilins which bind to 
rapamycins (sirolimus) and its derivatives such as everolimus and FK 506 
compounds. The structures of certain Immunophilins are described in 
Walkinshaw et al; 1992; Transplantation Proceedincs. 24. 4(2), 8-13. The 
macrophilins which bind to FK 506 are called FK 506 binding proteins. Five 
members, thus far, have been reported: FKBP - 12, FKBP - 12.6, FKBP - 13, 
FKBP-25 and FKBP -52. 

[0006] Given the Importance of cyclosporins, rapamycins and FK 506 
compounds as pharmaceuticals, there is a need for simple, sensitive assays to 
detemnine their concentrations in blood. 

[0007] For FK 506, specific monoclonal antibodies have been developed 
and assay procedures based on the antibodies provided. WO 95/07468, US 
5,532,137. However, these assay procedures available require the blood or 
plasma sample first be extracted with a solvent (such as methanol) which is then 
removed by evaporation or dilution to free the FK 506 from its binding protein. 
The antibody is then added to the sample and the FK 506 : Ab complex is 
detected. The assay procedure based on the specific monoclonal antibody works 
well but the need for the extraction step and the subsequent removal of the 
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solvent can result In the assay becoming {ess sensitive and less precise if care is 
not taken. Therefore the assay must be carried out by skilled technicians and is a 
time consuming procedure. 

[0008] It is known from studies conducted in vitro, excess concentrations of 
rapamycin prevent the effects of FK 506 by displacing FK 506 from FKBP's. 
Fruman, David et al., Calcineurin phosphatase activitv in T ivmohocvtes is 
inhibited bv FK 506 and cyclosporin A . PNAS (1992) 89(9), 3683-90. Further, EP 
717850 discloses an assay method for FK 506 that uses a binding-competitor, 
namely rapamycin, to displace FK 506 from its binding protein. Thus, an 
extraction step is not needed. However, since rapamycin, FK 506 and 
cyclosporin can be used singly or in combination, it is preferred that the binding- 
competitor be a different compound than one of the immunosuppressive drugs so 
that the amount of binding competitor in the sample can be controlled. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to derivatives of FK 506. These 
derivatives can act as a binding competitor to displace FK 506 or rapamycin from 
its immunophilin complexes. The derivatives of the present invention are also 
referred to herein as binding competitors. 

[0010] In addition, this invention provides an assay procedure for 
detennining the concentration of FK 506 or rapamycin in a sample of blood or 
other fluid; the procedure comprising adding a binding competitor that displaces 
FK 506 or rapamycin from immunosuppressant-immunophilin complexes in the 
sample; adding a receptor that binds to the pharmaceutical but not significantly to 
the binding competitor; separating the receptor-pharmaceutical complex from the 
sample; and determining the amount of the pharmaceutical. 
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[0011] Another aspect of the present invention relates to reagents and kits 
useful for displacing FK 506 or rapamycin from immunophilin complexes. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] The FK 506 derivatives of the present invention are prepared by 
derivatizing tacrolimus. The derivatives are formed at the -OH groups of 

tacrolimus, at C-32 and/or 0-24 to form ether, (FK-OR), ester C*^ '^), 

F K O n Id R 

or carbamate linkages ( o ) providing derivatives of FK-506 at 

either or both of these positions. In one aspect both the C-32 and C-24 are 
derivatized and in another aspect the derivatives are di-carbamate derivatives. 
Thus, the substances of the present invention may be for example the derivatives 
exemplified in Figure 2. R (at C-32) and R (at C-24) may be independently 
selected from alkyi or allyl groups from C1 to C25, either linear or branched or 
aromatic groups with or without substitutions. In addition the alkyi, allyl or 
aromatic group may contain other functional groups such as ester, ethers, 
amides, acyl, amines, hydroxyl, sulfonates, phosphates, sulfates, phosphonate 
groups and the like. R may not be H. R' may be H. Many of these derivatives are 
known in the art. See, for instance, U.S. 5,665,727. 
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Figure 3 
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[0013] Other aspects of the invention are shown in Figure 3 above. These 
carbamate derivatives are derivatized at both C-24 and C-32. R and R may be 
independently selected from alkyi, allyl, acyl, aryl in addition the alkyi, allyl, or 
aromatic group may contain other functional groups such as ester, ethers, 
amides, acyl, sulfonates, phosphates, sulfates, phosphonate groups and the like. 
R may be H. R may be H. 
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Figure 4 
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[0014] A particular carbamate derivative Is shown above in Figure 4. This 
carbamate derivative is derivatized at both C-24 and C-32. In this example R and 
R' are identical. 

[0015] The FK-506 derivatives of the present Invention may be prepared by 
methods known in the art and are useful in immunoassays as binding 
competitors of FK-506 or rapamycin. 

[0016] in the method of the present invention, a binding competitor of FK- 
506 or rapamycin is added to the sample to release any FK 506 or rapamycin 
from its complex. The binding competitor is an FK-506 derivative or analog as 
shown in Figures 2, 3 and 4. The method of this Invention uses receptors that 



Page 8 of 23 



DCS-9082 

bind to the pharmaceuticai but not significantly to tlie binding competitor. The 
receptor, which recognizes and binds to FK 506 (or rapamycin if the 
pharmaceutical to be measured is rapamycin), may be any specific binding 
compound as is used in conventional assays, e.g. polyclonal, monoclonal, 
recombinant antibodies, or antibody fragments. It is preferably a monoclonal 
antibody. 

[0017] Once the FK 506 is released from the complex, the amount of the FK 
506 bound to the receptor may be detemriined using any assay method, 
preferably a monoclonal antibody based assay, e.g. a competitive assay 
measuring the ability of the pharmaceutical to compete for binding to the 
antibody or receptor, or a noncompetitive assay, likewise in an assay for 
rapamycin. A competitive assay preferably uses, e.g. labeled FK 506 (tracer) as 
competitor for the antibody, in the presence and absence of the test sample. The 
tracer may be labeled with a label capable of providing a suitable signal, e.g. 
radioactive, fluorescent, luminescent or colorimetric signal as is conventional in 
the art. Alternatively, the competitor for the receptor may be unlabeled 
pharmaceutical (optionally the pharmaceutical-protein immunogenic conjugate 
used to raise the antibody) coated onto the surface of the test chamber, e.g. in 
an enzyme-linked immunosorbent assay (ELISA) or in a system where the 
antibody for the pharmaceutical is itself labeled. The antibody or receptor may be 
free in the test solution or coated onto the wall of the test chamber, depending on 
the assay system used. In a competitive assay, the signal (e.g. amount of tracer 
bound to antibody or receptor) is inversely proportional to the amount of 
pharmaceutical in the test sample. Standard solutions containing known 
concentrations of FK 506 may be used to standardize the assay as is 
conventional, likewise for rapamycin If that is the phamaceutical of interest. 
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[0018] A receptor that binds to FK 506 but not significantly to tlie binding 
competitor, means that the extent of receptor cross reactivity between FK 506 
and the binding competitor is not sufficient to significantly affect the sensitivity of 
the assay or the clinical significance of assay results. The precise amount of 
cross reactivity between the binding competitor and FK 506 (and/or the binding 
competitor and the tracer in a competitive assay) which can be tolerated of 
course varies to some extent on the relative affinity of the binding competitor to 
the immunophllin compared to FK 506: the higher the affinity, the lower the 
concentration needed to displace FK 506 and the greater receptor cross 
reactivity that can therefore be tolerated without affecting the accuracy of the 
assay. In practice, the significance of cross reactivity is best measured by 
comparing standard curves using different amounts of binding competitor; once 
the minimum concentration of binding competitor for displacement of FK 506 is 
reached, the standard curves should not vary significantly as the binding 
competitor concentration increased to the highest level contemplated for use in 
the assay, thereby demonstrating that any cross reactivity with the antibody Is 
insignificant in the context of the assay (if there was cross reactivity with the 
antibody, the presence of high concentration of binding competitor would tend to 
inflate the observed measurement of drug levels because the assay would 
measure FK 506 plus binding competitor). The significance of any variation 
between the standard curves in the presence and absence of binding competitor 
can be assessed using standard statistical methods, e.g. a t-test. As a guideline, 
however, because the binding competitor is usually present in much higher 
concentration than FK 506 in the test sample, the receptor cross reactivity 
between the pharmaceutical and the binding competitor should be, e.g. below 
1%, preferably below 0.1%, as measured in a competitive assay in buffer. 

[0019] In the invention, the binding competitor is a compound that is a 
suitable derivative of FK 506 that binds to FK 506 binding proteins, in particular 
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FK BP 12. Any suitable FK-506 compound derivatized at C-32 and/or C-24 that is 
able to displace the FK 506 or rapamycin compound may be used, preferably 
those compounds shown in Figures 2. Examples competitors are shown in 
Figures 3 and 4. The binding competitor is also selected based on its solubility in 
aqueous based solutions. Preferred R and R' groups or functionalities impart 
hydrophilicity or water solubility to the binding competitor. Such functional groups 
or functionality can be a substituent having 1 to 50 or more atoms and can 
include a group having a phosphate, sulfonate, sulfate, amidines, phosphonates, 
carboxylates, hydroxyl (particularly polyols), amine, ethers, amides and the like. 

[0020] To prepare the displacing reagent the FK-506 derivatives of the 
present invention are dissolved in organic solvent such as methanol or the lil<e 
and formulated into a displacing reagent in an assay for the drug. For instance, to 
prepare a stock solution, an FK-506 ester derivatized at R-24 and/or R-32 is 
dissolved in methanol and further diluted with a buffer at about a neutral pH. The 
buffer may contain earner proteins such as bovine semm albumin, gelatin, 
gamma globulin and the like, salts, preservatives, or detergents. A typical stock 
solution may have from .2 to 2 mM FK-506 ester. Typically to make the reagent, 
the stock solution would be diluted to the micro-molar range such as 1-100 pM in 
a buffer similar to the stock solution buffer or water. The typical effective ratio of 
FK-506 derivative over sample FK-506 used in an assay is about 200:1, but this 
effective ratio may range from 10-10,000:1. 

[0021] In the assay a portion (e.g. 1-200 pL) of the displacing reagent is 
combined with a portion of (e.g. 1-200 pL) the liquid sample containing FK-506. 
The solution, typically whole blood for a patient sample, is incubated to release 
the FK-506 from the binding protein. Typically, and for convenience of the user, 
the incubation time is from about 0.5 to 5 minutes. Once the FK-506 is released 
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from the binding protein it is accessible to tiie binding partner, sucli as an 
antibody, tliat is used for its detection. 

[0022] Suitable FK 506 compound antibodies may be used for detection; 
certain specific antibodies, are described in EP-A 0 293 892. Wliere a 
competitive assay is used, the competitor for the antibody may be an FK 506 
compound bound to a solid phase such as a bead, paper, test tube, assay plate 
or the like. The labeled derivative of FK 506 may be an enzyme-labeled 
derivative such as FK-506 labeled with beta galactosidase or alkaline 
phosphatase or other labeled derivative. 

[0023] The assay procedure of the invention has the advantages that it may 
be carried out rapidly and simply using standard bioanalytical equipment to give 
accurate and reproducible results. Also, whole blood may be used without the 
need for extraction. 

[0024] The invention also provides an assay kit suitable for detecting the 
amount of FK 506 in blood, the kit comprising a macrophilin binding competitor 
that displaces FK 506 from FK 506 complexes in the blood; and an antibody that 
binds to the pharmaceutical but not significantly to the macrophilin binding 
competitor. Preferably, the antibody is a monoclonal antibody that is specific to 
FK 506. 

[0025] The same macrophilin binding competitor may be used in a similar 
manner to release rapamycin from the macrophilin. 

[0026] The kit may further comprise an appropriately labeled tracer, 
standard and instructions for use. The label for the tracer may be any suitable 
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label, e.g. a radioactive, fluorescent, chemiluminescent, enzymatic or colorimetric 
label. Where convenient, the components of the kit may be in lyophilized form. 

[0027] Examples of the invention are now described, by way of example and 
not limitation. It will be apparent to one skilled in the art that variations in the 
precise concentrations of reagents and reaction conditions may be tolerated, so 
long as the variations are consistent from assay to assay. Other assay systems 
using binding competitor of the present invention to release FK 506 from the FK 
506 complex are considered within the scope of the invention; once the FK 506 is 
freed from the complex, it may of course be measured in any conventional way. 

Example 1 

Preparation of an FK-506 Carbamate Derivatives 




R = CONHCH2COOC2Hs 



[0028] 50 mg of FK-506 were dissolved into about 0.5 mL of methylene 
chloride. About 44 ^L of ethyl isocyanoacetate and 42 ^L of tributyltin ethoxide 
were added to the FK-506 solution and stirred at room temperature overnight. 
The reaction mixture was transferred to a separatory funnel using about 10 ml of 
methylene chloride and washed three times with about 1 5 ml of deionized water. 
The organic layer was dried over sodium sulfate and the solvent removed by 
rotary evaporation, then dried under high vacuum. The FK-506 esters formed in 
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the reaction were further purified using column chromatography. The solvent was 
removed by rotary evaporation. 

Example 2 

Preparation of an FK-506 ester derivative 




[0029] 50 mg of FK-506 was dissolved into a solution of 50 fiL pyridine in 
500 nL of methylene chloride. About 12 ^L of acetic anhydride was added to the 
FK-506 solution and stirred at room temperature for 2 h. The reaction mixture 
was transferred to a separatory funnel using about 10 mL of methylene chloride 
and washed three times with about 15 mL of NaHCOaCaq). The organic layer was 
dried over sodium sulfate and the solvent was removed by rotary evaporation, 
then dried under high vacuum. The FK-506 residue was further isolated using 
column chromatography. 

Example 3 

Preparation of FK-506 carbamate pretreatment solution 

[0030] Stock solution containing 0.45 mg/mL FK-506 ester was prepared by 
two steps: 1) dissolving 4 mg FK-506 cartDamate into 2 mL of methanol. The 
dissolved FK-506 carbamate is then diluted 1:4.5 with a buffer containing 30 
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mg/mL protease free bovine serum albumin, 0.126 mg/mL MgCb, 0.03 mL/mL of 
Ethylene glycol, 35.14 mg/mL PIPES 1.5 sodium salt, 50 mg/mL NaCI and beta- 
gal mutein (inactivated beta galactosidase), pH 6.5 to make the stock solution. 
The stock solution is then diluted to contain 2.7 ^g/mL FK carbamate with de- 
ionized water to make the working pretreatment solution. 

Preparation of Anti-FK-506 antibodv-B-aalactosidase coniuoate 

[0031] Monoclonal anti-FK-506 antibody is conjugated to p-galactosidase 
using standard SMCC (succinimidyl trans-4-{N-maleimidylmethyl)cyclohexane-1- 
carboxylate) linker. The working antibody conjugate solution contains 
approximately 7.5 ^g/mL anti-FK-506 antibody-p-galactosidase conjugate 30 
mg/mL protease free bovine serum albumin, 0.126 mg/mL MgCb, 0.03mL/mL of 
Ethylene glycol, 35.14 mg/mL PIPES 1.5 sodium salt, 50 mg/mL NaCI and beta- 
gal mutein (inactivated beta galactosidase), pH 6.5. 

Maanetic chrome particle preparation 

[0032] The production of FK-506 chrome particles (immunoassay solid 
phase) proceeds by making the FK-506 -BGG (bovine gammaglobulin)-dextran 
conjugate, preparing a sluny with the chrome particles and then tabletting the 
coated particles. Each FK-506 tablets contains approximately 2 mg FK-506 
chrome slurry, 10.5 mg 30% bovine serum albumin (BSA), 30.4 mg trehalose 
dihydrate and 3.6 mg carbowax 100 ^lm. 

Preparation of Raoamvcin pretreatment solution 

[0033] Rapamycin was also prepared to serve as the pretreatment reagent 
to compare to the FK-506 carbamate. The final working solution has the same 
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components and concentrations as the FK-506 carbamate working solution 
except that 2.7 ^g/mL rapamycin was used in place of FK-506 carbamate. 

Example 4. 

FK 506 Assay 

[0034] The measurement of FK506 used the assay format known as ACMIA 
and as described in the previous patents (US 5147529, US 5128103, US 
5158871. US 4661408. US 5151348, US 5302532, US 5422284. US 5447870, 
US 5434051). The principle and operation of the FK506 method are as follows: 
pretreatment reagent containing the FK506 carbamate described in this invention 
is added to the reaction vessel on the DIMENSION® chemistry RxL/HM 
instrument. Next 35 uLs of whole blood containing FK506 is added. The whole 
blood is sampled from a standard cup by first mixing the blood with the ultrasonic 
sample probe. The mixing of whole blood sample with the FK506 carbamate 
pretreatment solution ensures the lysis of the whole blood and the displacement 
of the protein bound FK506 molecules from their binding sites by the FK506 
carbamate molecules. The released FK506 molecules therefore will be 
accessible to the anti-FK506 antibody in the reaction mixture. Anti-FK506 
antibody-p-galactosidase conjugate (80 uL) is added next and allowed to react 
with FK506 in the sample. The chrome particles with immobilized FK506-BGG 
(bovine gamma g[obulin)-dextran is added (75uL) and allowed to bind the 
unreacted conjugate. The FK506 bound Anti-FK506 antibody-p-galactosidase 
conjugate does not bind to the chrome but remains in the supernatant when a 
magnetic field is applied to the above reaction mixture to separate the solution 
from the chrome particles. The FK506 bound conjugate is detected by 
transferring the supernatant from the reaction vessel to a photometric cuvette, 
and measuring the enzymatic rate of the conjugate in the presence of 
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chlorophenol recj-p-D-galactopyranoside (CPRG). The rate is measured 
bichromatically at 577 and 700 nm. The method schematic is provided in the 
figure beiow. Typical calibration curves with and without the FK506 carbamate 
pretreatment are compared as shown in Figure 5. 




ng/mL FK506 

Figure 5. Representative calibration cun/es representing the DIMENSION® 
assay treated with or without the FK506 carbamate pretreatment. 

Example 5 

Comparison of different pretreatment regimens 

[0035] FK506 carbamate, rapamycin, or pretreatment diluent was used to 
make pretreatment solutions for the DIMENSION® Assay for measuring the 
FK506 standards containing 0, 5. 10, 20 and 30 ng/mL FK506. Another set of 
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FK506 Standards was also treated with the Syva EMIT® pretreatment solutions 
(200 uL of sample is extracted with 200 uL of methanol and then protein in the 
mixture is precipitated with 50 uL of cupric sulfate solution. The centrifuged 
supernatant is used as sample). The standards not treated by the Syva EMIT® 
reagents were pretreated on board by FK506 carbamate, rapamycin or the 
pretreatment diluent only and analyzed on the DIMENSION® clinical chemistry 
analyzer using the ACMIA assay. The standard pretreated with the Syva EMIT® 
reagents was tested by the ACMIA assay on a DIMENSION® instrument using 
reagent cartridges containing only the pretreatment diluent as the pretreatment 
solution. The following table shows the results obtained by testing these 
pretreatment approaches. 



Table 1 



Standards 


FK ester ABS 


Rapamycin 


Emit Pretreat 


Pretreat 
Diluent 
ABS X lO"' 


ng/mL FK506 


xlO"' 


ABS X lO"* 


ABS X lO"* 


0 


313.7 


340.2 


305.9 


338.2 


5 


415.6 


421.3 


346.3 


345.2 


10 


555.6 


504.4 


379.1 


355.8 


20 


780.2 


661.3 


460.2 


377.2 


30 


916.2 


793.1 


545.6 


394.6 



ABS = Absorbance 
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